Abstract. Charcoal is a renewable material, with a long history of use as the predecessor of fossil fuels, now beginning to regain its place in the market, as the global society is fighting the Climate change. Charcoal along with bio-oils, and pyrolysis gas or syngas is obtained through thermo-chemical conversion of biomass. There are several different turns the charcoal production development has taken. The oldest charcoal production technologies are the batch-type kilns, they are associated with lower costs, and are widely used in the world, mainly in developing countries. A more recent introduction in charcoal production is the continuous operation retort where the biomass is conveyed through different process stages, heating and drying, carbonization, and cooling. This technology draws up high capital investments, but can reach a high level of automation. Apart from these technologies charcoal can be also obtained as a by-product in liquid and gaseous fuel production via pyrolysis and gasification of biomass. Each of the production methods can yield variant quality charcoal with properties distinguishing different charcoal applications. The charcoal use varies from a high capacity fuel to a sustainable soil amendment, adsorbent, source of carbon in chemical reactions, and many more. In this study an evaluation of the charcoal quality parameters, depending on the applied technology, is carried out. The analysed data includes information retrieved from previous studies, as well as an experimental investigation of real life production facility.
I INTRODUCTION
Seeing the upcoming United Nations Climate Change Conference 2015, held in Paris, France, it is clear that increasingly harsh emission reduction and Climate Change mitigation means are going to be applied. The outcome of this Climate Policy event will cover all countries, and will be implemented starting from 2020. In the European Union are ongoing discussions on setting the emission reduction by 40% below 1990 level. [1] A large focus for the emission control has been spared for the alternative energy resources, with a significant part of biomass as an energy resource. As biomass is a renewable material that participates in the active lifecycle of atmosphere carbon, it is assumed to be carbon neutral not like the fossil fuels.
Charcoal in the form of biochar is gaining an increasing attention as an attractive solution for trapping carbon dioxide in the ground. However, the use of charcoal as a substitute for fossil fuels in energy-intensive processes, and renewable biofuel should not be forgotten. A large share of the alternative energy sources can be useful in low temperature systems, as they provide low potential heat, for example waste heat from different industries, ground heat (retriever either by heat pumps or directly), some of the solar technologies etc. Direct biomass fuels on the other hand can provide higher potential energy, though not high enough for the most energy intensive industries. Charcoal is distinct from other wood fuels with its high heating capacity. Good quality charcoal can even exceed the heating capacity of fossil coal. The energy content of good quality charcoal ranges from 28 to 33 MJ/kg. In comparison to the flame temperature of maximum 850 °C reached by burning wood fuels, the temperature of burning charcoal can reach 2700 °C, withal burning without flame and smoke. [2] This makes it suitable for using in metal smelting and other energy intensive industries, which actually was the initial use of charcoal, and the prerequisite of the development of these industries.
II MATERIALS AND METHODS
The quality of charcoal as a fuel is described by several quality parameters. In this study the selected quality parameters are the moisture content, ash content, and the calorific value of the input and output material. The pyrolysis process is analysed in terms of the changes of these quality parameters due to the thermal conversion. In order to do that a literature study is performed to analyse the batch-type kiln productions, but the continuous charcoal production retort has been subjected to a throughout process experimental evaluation. Samples are taken to characterize the feedstock as well as the output production, while registering the retort working temperatures. The samples are tested according to the following methods: Determination of moisture content LVS EN 14774-2:2010 [3] , Determination of ash content LVS EN 14775:2010 [4] , and Determination of calorific value LVS EN 14918:2010 [5] .
The efficiency of conversion of firewood to charcoal is calculated from the overall firewood consumption, and the produced amount of charcoal in the industrial experiment period. The value is calculated for the input firewood at the average moisture content as specified in Table 1 .
III RESULTS AND DISCUSSION

A. Batch-type Kilns
The largest share of the overall charcoal production in the world is produced in different types of batch kilns. The most ancient of which are the pit or mound turf kilns, then slightly upgraded to Casamance kilns by providing exhaust pipes for the pyrolysis gas. These are suitable for small yields, while brick kilns for a larger scale production. In the study by Sparrevik et al. [6] the efficiency of biomass conversion in a brick kiln is stated to be 34.5%. The paper by Bustamante-García et al. [7] states the calorific value in a beahive brick kiln from 25.2 to 33.9 MJ/kg for branches and cracked firewood. The variation depending on the material, as well as the material position in the kiln. In this study the Moisture content of the produced charcoal varied from 3.2 to 3.9%, and the ash content from 3.7 to 6.7%. In the same type kiln in a paper by Bailis et al. [8] the calorific value of Eucalyptus charcoal is 27.6 MJ/kg.
In a detailed study by Xiong et al. [9] in an experimental batch reactor cotton stalk and bamboo sawdust was pyrolysed. Char with a calorific value of 26 to 28 MJ/kg, and 29 to 32 MJ/kg respectively was yielded. The char yeald varied from 31.2 to 37.4% for cotton stalks, and from 31.2 to 37.4% for bamboo sawdust, while the ash amount in the char varied from 6 to 26% for cotton stalks, and 4 to 19% for bamboo sawdust. The variation was dependent on the pysolysis temperature, which was changed from 400 to 800 °C.
In the study by Harouna et al. [10] the pyrolysis of cotton stack in a metal kiln is analysed. The highest heating havlue of the cotton stalk is 19.1 MJ/kg, while for the derived charcoal 22.5 MJ/kg.
The main distinction of more advanced pyrolysis technologies from the traditional kilns is that the process heat is not provided by burning part of the input biomass material, but the process is sustained using the pyrolysis gas produced during the pyrolysis process itself. In this way higher process efficiency is obtained.
The first of the pyrolysis technologies that provided this option are so called Adam retorts. The charcoal yield in an Adam retort stated by Sparrevik et al. [6] is 30.4 to 33.9%.
B. Continuous Retort
Continuous production retorts are a relatively new technology for charcoal production. There is a gap of knowledge in the field of continuous pyrolysis process, thus an experimental research is commenced in this field. The use of this continuous retorts offer a shorter time span for generation of charcoal, higher process control, and a lower possibility of production loss. One of the main setbacks for the prevalence of this technology is the high capital costs.
The experimental evaluation and the field testing of the industrial Lambiotte SIFIC/CISR 2000 type continuous production retort shows a balanced process and a stable product quality.
The material and product quality is summarized in Table 1 . The charcoal quality parameter values in Table 1 are given for an average of five separate loads. The input material is dried in a batch type chamber-dryer, aiming to lower the moisture content of the firewood below 20%. The output charcoal absorbs moisture from the atmosphere, so the moisture content of the production depends on the storage environment. The Fig. 1 shows the schematic of the studied technology. The schematics show the main temperature control parameters (marked with a capital letter T) that are available at the technological process control.
The charcoal is produced in a stabilized mode, with the average carbonization temperature of 560 °C, varying from minimum of 529 °C to maximum of 591 °C (see Fig. 2 ). 
Temperature (°C)
Elapsed time from loading (h)
Upper part Bottom part
Between the carbonisation and cooling part Fi g. 2. Carbonisation process characteristic temperatures in a continuous pyrolysis process retort. In Fig.1 the Upper part temperature measurement point represented as T2, Bottom part as T3, and between the carbonisation and cooling part as T4
The conversion efficiency in terms of produced charcoal mass is discovered to be 62%. In other words one kg of charcoal is obtained from 1.6 kg of firewood (at 12.3% moisture content).
C. Charcoal as a By-product
If the pyrolysis process is aimed at a higher share of bio-oil or pyrolysis gas production, the produced charcoal amount and quality will be lowered. The pyrolysis of beech wood in a steel reactor was undergone in the study by Demirbas [11] . This study points out that while the bio-oils are produced the obtained char has a satisfying quality to be used as a biofuel. The obtained char has the highest heating value of 33.2 MJ/kg.
D. Hydrothermal Carbonization
Hydrothermal carbonization is a thermo-chemical process undergone in the presence of water at increased temperatures and pressure. The process produces a material in the form of a char-water-slurry, the char can be separated and dried. This method is suitable for biomass feedstock with a very high moisture content, such as sewage sludge. The energy content of the obtained chars at carbonization temperatures from 140 to 200 °C range from 21.5 to 23.3 MJ/kg, using sewage sludge as a feedstock. [12] In the study by Álvarez-Murillo et al. [13] olive stones were used as the input biomass. The Hydrothermal carbonisation yealded a fuel with the highest heating value from 22.2 to 29.6 MJ/kg. This is a similar result as in the study mentioned previously. The main advantage for this method is the energy densification that otherwise would be spread in the body of the wet sludge, giving an oppurtunity to recover valuable energy.
In the study by Lench Nowicki and Maciej Markowski [14] pyrolysis of dried sewage sludge in a fixed-bed reactor is performed, and the obtained char has a heating value of 5.6 and 9.8 MJ/kg, with an ash content of 85.6 and 69.1 wt.%. The pyrolysis was performed at 1000 °C. Although the initial material characteristics used in the hydrothermal carbonisation experiments are not given, it could be inclined that for biomass with a very high moisture content as sewage sludge, hydrothermal carbonisation returns char with the calorific value suitable for using it as a fuel.
IV CONCLUSIONS
The produced charcoal quality is directly related to the material that is used as the feedstock. Nonetheless the selected pyrolysis technology also significantly influences the received product. In batch-type kilns a non-homogenous product quality can be suspected. The advantage of a continuous type pyrolysis retort from the experimental evaluation stands out the high mass convertion share of around 60% while that of above 30% for the traditional batch-type technologies. There is a lack of data to make concluding statements for the comparison of the obtained charcoal quality, as the used material has such a high influence. The experimental evaluation of the industrial production in a continuous retort reveals satisfying results in terms of the obtained charcoal quality. The densified energy in the charcoal makes it suitable for using as a substitute or an addition in a fuel mix for energy intensive manufacturing, such as metal smelting. However the increased ash content has to be reckoned when working with charcoal.
